Background: Repeated thoracic aorta repair is increasingly common. With the increase in hybrid procedures, determination of the best treatment strategy requires evaluation of the clinical outcomes of classic open surgery.
INTRODUCTION
Sequential operations for aortic pathology are performed in up to 59.6% of patients with a history of multiple aortic aneurysms in other segments [Crawford 1982 ]. Moreover, newly developed aneurysm or dissection, infective aortic complications, or valve dysfunction in patients with a history of thoracic aortic repair require reintervention [Di Bartolomeo 2013] . A repeated open repair for sequential aortic pathology entails risks that make it challenging from the time of chest reentry. Although endovascular aortic repairs are frequently regarded as viable treatment options in high-risk patients [Stasek 2008 ], we do not have sufficient information on repeated classic open surgical outcomes for thoracic aortic disease to enable comparison with nonsurgical reinterventions. The aim of this study was (1) to review the characteristics of patients who require sequential and/or repeated operations on the thoracic aorta and (2) to assess the early and long-term clinical results in actual practice.
PATIENTS AND METHODS

Study Population
We retrospectively reviewed all patients who underwent any open repair involving the thoracic aorta above the diaphragm after previous surgery on any part of the thoracic aorta. The study excluded patients who previously underwent nonaortic cardiac operations such as coronary artery bypass grafting or heart valve surgery, including isolated aortic valve surgery. Patients who underwent endovascular repair were also excluded. Between 1994 and 2016, 1336 consecutive patients underwent surgery for the thoracic aorta above the diaphragm. Of these, 119 (8.9%) with a history of prior surgery on a thoracic segment before the final operation were analyzed. Patient characteristics, operative variables, reasons for repeated surgery, and perioperative outcomes were evaluated. Survival follow-up was available for all patients. Longterm follow-up was obtained by reviewing medical records. Data for patients followed up by other hospitals were collected by direct telephone interviews with patients or their families. We also confirmed survival from the Republic of Korea National Registry database when survival status was unknown. The Institutional Review Board of Samsung Medical Center approved this retrospective study and waived the need to obtain informed consent (IRB file number: SMC 2017-08-152).
Surgical Techniques and Approach to Operative Field
Approach to chest reentry was classified into 4 categories according to the previous and present approach: (1) thoracotomy to thoracotomy, (2) thoracotomy to sternotomy, (3) sternotomy to thoracotomy, and (4) sternotomy to sternotomy. When both approaches were used in a previous operation for multiple procedures, the previous approach was taken as the final approach at the last operation, eg, both thoracotomy and sternotomy approaches at a previous operation and the E264 sternotomy approach at the last operation were classified as sternotomy to sternotomy.
Planned sequential repairs were performed with the usual methods (ie, sequential repair for descending thoracic and thoracoabdominal aorta repair via thoracotomy in patients who underwent ascending aortic and arch repair via sternotomy previously, and sequential repair for ascending aorta and aortic arch via sternotomy in patients who underwent repair for descending or thoracoabdominal aorta repair via thoracotomy previously). For descending thoracic or thoracoabdominal aorta repair, we used adjuncts, including distal aortic perfusion, cerebrospinal fluid drainage, motor evoked potential monitoring, and moderate hypothermia. For the ascending aorta, we applied mild hypothermia via median sternotomy. Total arch repair was performed under hypothermic circulatory arrest with selective antegrade cerebral perfusion monitoring and cerebral oximetry. After distal anastomosis, cardiopulmonary bypass (CPB) was reinitiated in an antegrade fashion through a branch of the graft. In patients with aortic dissections, arterial cannulation was performed after anastomosis of an 8-mm vascular graft to the axillary artery through a right subclavian incision.
Additional precautions are required in repeated operations on the same aortic segment via the same chest reentry approach because of extensive adhesions. Before chest reopening, CPB was on standby for all patients. In repeated sternotomy, we established arterial inflow and venous drainage through direct cannulation to the femoral artery and femoral vein, respectively. We limited division of adhesions to those essential for obtaining necessary exposure of the central cannulation site. Once we completed cannulation, the drainage circuit was changed to bicaval or right atrial drainage, and the perfusion catheter was changed, if necessary. In repeated thoracotomy, femoral cannulations of both artery and vein were also applied.
Statistical Analysis
Categorical variables were presented as frequencies and percentages, and continuous variables as mean and standard deviation. Between-group differences were evaluated using chi-square and Fisher exact tests for categorical variables. Differences in continuous variables among the groups were assessed via independent t test or Mann-Whitney U test, depending on the pertinent distributional assumptions. The distribution of a time-to-event outcome was estimated by using Kaplan-Meier curves. All pre-or intraoperative variables that achieved a P value < .2 in univariable analysis were examined by using multivariable analysis by stepwise logistic regression to evaluate independent risk factors for hospital mortality and postoperative bleeding requiring re-exploration. A P < .05 was considered statistically significant.
RESULTS
Baseline Characteristics
Preoperative demographics and other preoperative conditions are detailed in Table 1 . Patients who underwent repeated open surgery had a mean age of 51.0 ± 16.7 years, and 70.6% (84 of 119) were men. A comorbid connective tissue disorder or arteritis was present in 36.1% of the cohort (43/119). An , and the mean number of previous operations was 1.3 ± 0.8, with a maximum of 8. The mean time elapsed since the last operation was 58.5 ± 60.2 months. The main indications for the operation were progression and/or remaining aneurysm in the residual aorta in 100 patients (84%). Pseudoaneurysm at the anastomosis site was the indication in 8.4%, with infection in 6 patients (5%) and severe dysfunction of native aortic valve after valve-sparing aortic root replacement and/or ascending aorta replacement in 3 patients (2.5%). The status of the thoracic aorta before the last operation is reported in Table 2 and Figure 1 .
Operative Outcomes and Early Results
Various aortic procedures were performed according to the underlying pathology. The approach that was from previous sternotomy to thoracotomy was the main approach (48.7%) in our cohort, followed by previous sternotomy to sternotomy (31.9%). Thoracotomy to thoracotomy and thoracotomy to sternotomy were performed in 12.6% and 6.7%, respectively. The operative procedures are listed in Table 3 .
Hospital mortality in 30 days was 6.7% (n = 8) overall, with 2.9% (3 of 103) in elective patients and 31.3% (5 of 16) in urgent-and emergency-operation patients (P = .001). Causes of death were multiorgan failure due to a complicated postoperative course in 6, anastomosis-site graft rupture in 1, and neurologic cause in 1. The Heart Surgery Forum #2004-5385
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Mean hospital stay was 28.1 ± 49.5 days, and mean intensive care unit stay was 6.3 ± 12.0 days. Other postoperative complications were hospital-acquired pneumonia in 11 (9.2%), acute renal failure requiring temporary dialysis in 11 (9.2%), gastrointestinal bleeding from bowel ischemia in 5 (4.2%), wound dehiscence in 4 (3.4%), chylothorax in 2 (1.7%), esophageal perforation in 2 (1.7%), vocal cord palsy in 5 (4.2%), cerebral complications in 10 (84%), and paraplegia in 2 (1.7%).
Long-term Results
Mean follow-up period was 44 ± 47.1 months. The Kaplan-Meier estimate of overall survival at 1, 3, 5, and 7 years was 86.6%, 84%, 80.5%, and 78.2%, respectively (Figure 2 ). Of 111 discharged survivors, 13 (11.7%) died during follow-up. Causes of death were cerebrovascular accident in 5, aortic rupture in 2, community-acquired pneumonia in 2, cancer in 2, sepsis in 1, and unknown cause in 1. During follow-up, 2 patients had progressive heart failure and, 1 needed surgery for an incisional hernia.
DISCUSSION
Aortic operations have been performed with increasing frequency during the last decade, with a significant improvement in outcomes. In patients who undergo initial thoracic aorta repair, progression of an aneurysm in the previously repaired segment or newly developed disease in another segment are not uncommon. Aneurysm at the previous anastomotic suture site and infection of the graft implanted in a previous operation have been reported [Bickerstaff 1982; Crawford 1982; Carrel 1993; Svensson 1993; Etz 2009 ]. Furthermore, in patients with connective tissue disease such as Marfan syndrome, characterized by frequent aortic aneurysms involving the entire aorta, repair cannot be completed at the first operation. These patients require sequential operations. As a result, reintervention for the thoracic aorta is inevitable and has become common [Di Bartolomeo 2013] . Owing to technical difficulties and risks, repeated and/or additional interventions for the thoracic aorta require a well-defined strategic approach in order to be successful. Since the advent of alternative repair methods, including endovascular repair or hybrid surgery for aortic disease, many centers have justified the use of these treatments for patients at high risk [Muhs 2006; Roselli 2007; Johnston 2012; Rosset 2014; Verhoeven 2015; Gallitto 2016; Mendes 2016; Georgiadis 2017] . To identify the best strategy among these various options, we need to perform combined assessment of the preprocedural conditions, risks of the procedures, and benefits from the procedures. For this purpose, the outcomes of repeated classic open surgery for the thoracic aorta should be evaluated as they apply to real-world practice. Data are available on outcomes of repeated aortic procedures in individual segments. In previous literature, hospital mortality rates for redo operations on the proximal aorta including the arch and on the thoracoabdominal aorta were 8%-15% and 8%-23%, respectively [Chiesa 2014; Preventza 2014; Afifi 2017; Di Bartolomeo 2017; Coselli 2018] . However, aortic disease is lifelong and progressive and may require repeated or additional intervention on different segments over time. Aortic disease progression varies widely, resulting in various indications and treatment options in actual practice. Furthermore, previous literature included cases that underwent preceding nonsurgical interventions and interventions on the abdominal aorta. Before determining the superiority of one method over another, we need to confirm the overall outcomes of conventional repeated operations on the thoracic aorta as a reference for comparison with other treatment options. In the present study, early overall outcomes of thoracic aortic reoperations [Quintana 2014 ]. Prolonged CPB may reflect the complexity of the operation and may lead to a poor outcome. Of course, prolonged CPB itself might lead to an adverse outcome. Prolonged CPB time was also attributed to postoperative bleeding in our study. A major concern in repeated open surgery for the thoracic aorta is bleeding from extensive lysis of adhesions. Multivariable analysis for postoperative bleeding that required exploration identified 3 significant variables (infectious cause, emergency operation, and CPB time). Infection might require extensive dissection to secure the operative field during adhesiolysis of especially friable tissue. After discharge, estimated survival was 80.5% at 5 years and 78.2% at 7 years (Figure 2 ), similar or slightly superior to previous reports [Chong 2016; Afifi 2017; Di Bartolomeo 2017; Coselli 2018] . Considering the heterogeneity of previous aortic repair status and surgical procedures performed in our study, it is interesting to note similar overall surgical outcomes for thoracic aortic reoperations.
Limitations
In addition to its retrospective nature, our study has other limitations. The patients were heterogeneous, with differences in the types of previous operation, indications for reoperation, approach to the surgical field, and concomitant procedures performed. However, the effect of heterogeneity of repeated surgery on overall thoracic aortic pathology was the motivation for our study. Our experience in actual practice served as the reference for the overall outcome of surgical retreatment in patients with thoracic aortic disease.
CONCLUSION
Despite the above limitations, our study reported practical results in patients treated in actual clinical settings. Although previous procedures on the thoracic aorta varied, the overall early and late outcomes were acceptable. We hope that our study findings will serve as a reference for selection of appropriate procedures in patients who require repeated intervention on the thoracic aorta.
